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PERNICIOUS ANEMIA
Although such synonyms as idiopathic macrocytic
anemia, Addison's anemia, primary anemia, and

Biermer's anemia are frequently used in literature,
the term pernicious anemia will be used excl:usively
in this paper.

One of the earliest definitions of

pernicious anemia is, "an affection in which, with
out any organic lesion that has hitherto been dis
covered to account for it, without any recognized
malarious or similar in:fluence, without any apparent
climatic or dietetic default the blood undergoes pro
gressive deterioration, especially in regard to the

number and quality of its corpuscles, and in which the

symptoms the patient presents are such as depends on
gradual increasing bloodlessness•(l).

In 1943, the

disease was defined as "a chronic disease character
ized by aehlorhydria, certain gastro-intestinal and
neurological disturbances, a progressive course inter
rupted by periods of remission and relapse, a char
acteristic response to certain forms or.therapy and
an anemia of which the chief features are macrocytosis
and increased blood destruction"(2).

Minot(3) defines

pernicious anemia as "a deficiency derived from food
and manifest as a macrocytic anemia associated with
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disturbances of the gastro-intestinal tract and
frequently of the neural system" .

These definitions

give us an idea of what to expect in the discussion
of this disease.

The underlying meaning of the term

pernicious anemia is a progressive destruction of red
blood cells which, without adequa te therapy, will
prove fatal to the patient.
The consensus that pernicious anemia is an
uncommon disease and that no further interest should
be taken in the disease is erroneous.

Pernicious

anemia with reference to its exact cause and method
of treatment is still an unsettled question.

It is

true that recent methods of diagnosing and treatment
have made the prognosis of the di sease somewhat
brighter.

Perhaps modern physic i ans do not see the

severe manifestations of pernicious anemia that were
at one time so obvious simply because an earlier diagnosis of the disease and more benificial therapy are
now possible.
In the year 1822 the disease pernicious anemi a
was described by Co~be of Edinbur gh.

In 1849 Thomas

Addison recognized the idiopathic anemia as a clinical
entity and in 1855 published his well known monograph,
"On the Constitutional and Local Effects of Diseases
of the Suprarenal Capsules."

In this monograph he
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gives a very complete clinical description of pernicious anemia, and it is because of this the term
Addison's pernicious anemia has come into use.

In

1872 Anton Biermer of Zurick was working on this
anemia and he called it, "progressive pernicious
anemia", and from this time on there have been numerous
workers and writers on this disease.

The most recent

report which changed the aspect of the disease was published in 1929 by Castle, and these observations will
be covered briefly in the body of this paper.
Although some reports state that pernicious anemia
is seen during childhood, Peterson(4) believes these
~

reports should be reviewed with caution as not all the
cases fill the criteria necessary for a definite diagnosis of the disease.

Pernicious anemia is rarely

seen between the ages of twenty and thirty but then it
steadily increases in incidence during each quinquenniu:n up to the age of seventy(5).
cases develop

The majority of

between the fourth and fifth decades of

life(J).
As far as the sexes are concerned, most reports
favor the contention that both are affected equally,
rationalizing that men are in the majority at about
the age of fifty and women are in ·the majority under
this age, especially those ages relative to child~
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bearing(6).

Some reports show a marked preponder-

ance of females over males(?).

It has been observed

by several that the disease is prone to develop more
often in patients who have a tendency to become fat(8,
9).

Not only are both sexes equally affected with
this disease but it also makes no visible demarcation
between the rich and the poor, between laborers and
mental workers, or between urban and rural dwellers(5,
10).

It has been thought that the Anglo-Saxon and

Scandinavian peoples who are more prone to have blonde
hair and blue eyes are also "lore often affected with

'-"'-"

the mciady than those of opvosi te cornplexion(4) ; but
geographically pernicious anemia is found in temperate
climates rather than in the tropics unless the patients
suffering fro~ the severe anemia produced by sprue
should be proved to be instances of true pernicious
anemia(5).

Pure negroes are rarely if ever affected

by the disease, and if the family histories of all
cases reported having pernicious anemia were reviewed,
inbreeding with the white race is generally found(5).
After reviewing a small series of cases Vilter(ll)
found negroes to be affected in a ratio of one to
every five whites.
It has also been found that where there is one

'-"-'
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case of pernicious anemia in a family it is not
infrequent that some one else in the immediate family
has the same type of disease(5,6,10).

This suggests

that there may be a definite familial incidence in the
disease.

ETIOLOGY
The exact etiology of pernicious anemia has been
discussed in detail by a large number of writers, but

.'-"-'

no definite single factor has, as yet, been proven.
A brief discussion of the theories concerning contributing factors is therefore warranted.
Severe shock, or emotion sometimes upset a person
to the extent that he may become susceptible to the
disease.

Mackenzie(9) cites a case of a young lady

so overcome by grief following the accidental yoisoning of her father that she became anemic and subsequently died.

In another case a man saw a child

being run over in the street, and became so upset that
he became ill, developed an anemia and died.

Fri~ht,

grief, and violent onslaught directed toward either
the sympathetic or cerebrospinal nervous systems have
~
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also been considered to be prominent etiological
factors(12).
The theory that pernicious anemia is caused by
some toxemia exists.

There is no known poison, but

it is possible that some abnormal product of digestion or even some digestive ferment itself may act
as a poison(l3).

The poison may be generated in the

gastro-intestinal tract thereby gaining entrance into
the portal system and causing the blood to undergo
disintegration(14).

The blood serum from patients

with pernicious anemia has been shown to possess a
toxin which is very toxic for plant life.

..__..._,.

Controls

were run to see whether or not the toxin was present
in the blood serum of healthy persons, persons sick
with other anemias and other diseases and it was
found that the serum from these patients possessed
none of the properties which were toxic to plant
life, therefore it was concluded that some toxic substance was the etiological factor(15).

The toxemia

affects the blood and bone marrow more profoundly
than any other organ or groups of organs, but often
affects every organ in varying degrees(16).

These

toxemias are usually slow in action, gradually cumulative till their maximum effect is produced, and if
the patient survives recovery is rapid either because
~
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the poison is exhausted or because a relative immunity has been produced.

It is generally regarded that

the toxin is hemolytic, but there is no real evidence
that it is so in the sense of actual disolution of
corpuscles.

It is more probable that both circulating

corpuscles and those in the process of formation in
the marrow are poisoned, and therefore more easily destroyed by ordinary phagocytic processes in the marrow,
spleen, liver and elsewhere.

This toxemia interfers

with the normoblastic function of marrow and inhibits
it, and it inhibits the normal development of the
neutrophilic series of leukocytes(16).
~

Some causes of

the toxemia may be that certain bacteria; i.e., streptococci, B.welchii, or parasite like Bothrocephalus,
or a disease such as sprue and f~nally some trauma
like over radiation may be responsible in varying
degrees for the toxic conditions.
Impaired splenic function may be a factor in the
cause of pernicious anemia because it has been found
that the anemias associated with sprue and with
D. latus infections per,ni t by analogy some such assumption, and there are some features of the disease which
make it likely that it could be a protozoan infection
(17).

Pointing in this same direction are the occa-

sional isolated reports of organisms cultivated from
~
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patients dying with anemias resembling that of pernicious anemia.

There was no proof at that time that

the disease was not due to the absorption from the
gastro-intestinal tract of some hemolytic poison although none have been.demonstrated.

Studies on the

sensitization with products of intestinal putrefaction,
and studies with chemical hemolysins occasionally
forilled in the intestine such as tyranin are being
carried out to determine the susceptibility of the red
blood cells and normal blood forming organs to hemolytic substances produced in the intestine(17).
Excessive bacterial activity in the intestinal

'-""""

tract may be caused by one of two ways; 1) by preventing formation of or the destruction of the hemapoietic factor, or 2) by elaboration of an excessive
amount of "toxic products of bacterial putrefaction"
which cannot ge neutralized by the detoxifying mechanis,ns of the body(18).

Blood destruction may be due to

the abnormal intestinal bacterial flora as a result of
the sterilizing action of the gastric juice(19).

In-

fected teeth, tonsils and mouth nay be the sources of
the staphlococci and the streptococci which are found in
the gastric juice of patients with pernicious anemia(20).

In opposition to this evidence Grinker(21)

reports that there is absolutely no evidence of intes~
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tinal infection in persons with pernicious ane:nia and
that the streptococci lying latent in the bowels of
these patients are not the producers of absorbable
toxins.
There may be a certain personal link which should
be tied in with the etiology of pernicious anemia, and
which is metabolic in nature.

This may be inherited

or acquired in the organs responsible for the production of fresh red blood cells, whereby the resources
within themselves are unduly lirnited(22) and further
functional overstrain may damage these organs so
that the results are inherently progressively fatal(23).
~

This inherited tendency may be transmitted in the
manner of a Mendelian recessive character and the
disease may have a tendency to occur at a progressively earlier age in succeeding generations much in
the same manner that diabetes mellitus is transmitted(24).

A recessive gene carrying a genetic fault

may pass undetected through an unlimited number of
generations.

Hereditary predisposition appears to

be responsible for the disease in certain races and
individuals, faulty genes tending toward loss of
Castle's intrinsic factor are apparently disturbed in
varying quantities in different races(25).
Patients with pernicious anemia have been
~
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observed to be incapable of carrying out some step in
the process of gastric digestion, thus causing a lack
of the substance which is present in the stomach of
normal individuals during digestion.

Many patients

have achylia gastrica which was thought responsible
for the deficiency disease.

Castle(26) showed a rela-

tionship between the stomach and the function of the
bone marrow to be due to a substance which he labeled
the "intrinsic factor".

The intrinsic factor involved

in the production of the hematopoietic substance by
interaction with beef muscle is undoubtedly secreted
by the mucosa of the normal human stomach, and the

.....,,,.,

patient with pernicious anemia lacks the ability to
produce the hematopoietic substance from beef muscle
ingested as such, unless potentially exposed to the
action of the secreti'°115 of the normal human stomach.
Next to a defect of the original formative process
within the stomach, the loss of the absorptive power
of the intestinal tract either mechanically or by
bacterial invasion, or the destruction in the bowel
of the effective principle after formation would be
the most obvious ways in which a deficiency of the
final effective substance could be brought about(26)*
Pernicious anemia could be defined then as a
deficiency disease which consists of a subnormal or

~
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lack of production of the intrinsic factor by the
stomach(27).

''!I

To this statement may be added the fact

that when the intrinsic factor is lacking so is free
hydrochloric acid(28).

The deficiency of the intrin-

sic factor of Castle could result from, first, purely
acquired disorders or diseases of the digestive tract,
secondly, a purely hereditary constitutional defect
requiring the lapse of time and the "wear and tear"
of life to make it manifest and lastly, a combination
of the hereditary defect either some such liberating
causes as disease or disorder of the digestive tract(29).
There are three possible links in the chain of

.....,,,,.,,,

etiology,l) achlorhydria, 2) abnormal flora in the
upper half of the alimentary tract, and 3) the absence
or insufficiency of a specific function of the
liver(30).
Carefully considering the material presen~ed here,

~

I

it could be possible to conclude that the exact
etiology of pernicious anemia has many different
theories; but, as yet no precise etiological factor
has been presented and proved by the literature.

,I

.___,
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SYMPTOMS, SIGNS AND FINDINGS
It is very interesting to note the accuracy of
Addison(8) in describing the signs and sympto~s of
patients with pernicious anemia.

He described the on-

set as "slow and insidious with a pale countenance,
pearly whites of eyes and a general flabby frame with
an increasing indisposition to exertion with an uncomfortable feeling of faintness and breathlessness on
attempting it; the whole surface of the body presents
a blanched, somewhat smooth and waxy appearance, the
lips, gums, and tongue seem bloodless; the mind occa-

._,,_,_.

sionally wanders and the patient then falls prostrate

.

and at length expires".
All signs and symptoms of the disease except
achlorhydria are due to a lack of some specific substance normally formed by the interaction of a ferment
secreted by the stomach on some constituent of the
ingested food which is stored in the liver(31). Pernicious anemia like all other diseases has its various degrees of manifestations.
Weakness and languor are usually the first symptoms noticed and reported by the patient(3,32,33,34,

35).

This is usually followed by symptoms which are

directed toward the gastro-intestinal tract.

Diarrhea

is commonly found(35); or constipation alone may occur,
~
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or constipation and diarrhea alternating with each
other(36).

Soreness of the tongue is noticed(3,36,37)

plus redness and often inflammation along the margins
with occasional ulcerations.

Pain in the abdomen is

also a co~mon complaint(3).
The majority of the symptoms of the nervous
system are confined to slight disorders of sensation,
persistant and usually symmetrical numbness and tingling ?f the hands and feet, together with headaches
(32,33,35).

Definite psychosis with delusions and

hallucinations may occur, but the symptoms often suggest senility; except for perhaps an unduly rapid on~

set(34).
The cardiovascular symptoms described by the
patient are dyspnea, and sometimes angina pectoris
which usually disappear as soon as the blood becomes
normal(J).

Hunter(38) believes loss of blood from

the nose, gums, and vagina is a common symptom.
Minot(3) regards these as petechia which are seldom
numerous enough to cause much alarm to the patient.
A peculiar yellow color of the patients skin is often
brought to his attention by friends resulting in complaints of a cosmetic nature(38).
The physical findings in pernicious anemia
patients are characteristically, a definite tendency
~
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to have gray hair, the change beginning before the
age of thirty, light colored eyes, long ears and often
such features as a square prominent jaw(ll,39); however, some authorities fail to find these characteristics in their cases(40).

On inspection the indi-

vidual has a definite lemon-colored hue to his skin
and conjunctivia, and he has the appearance of being
bloodless and as if he were suffering from a severe

.

hemorrhage(3,9,32,41,42) •
The neurological findings may be varying from
minor disturbances to severe depressions and personality changes(43).
~

The loss of the vibratory sensa-

tion in the lower extremities is one of the earliest
objective findings of pernicious anemia(34,44,45).
Pathologically altered reflexes, hypertonicity and a
positive Babinski are also found in this disease(35).
Quincke(46) regarded retinal hemorrhages as pathognomonic of pernicious anemia, while others(9,47,48,
49) describe superficial retinal hemorrhages as an
incidental finding.

The optic discs may be swollen

with indistinct edges, and even with all this to be
found in the eye there are only a few cases reported
in which the vision is impaired(49).
When the spleen is enlarged it is usually of a
~
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painless nature(50).

A low grade fever may be

present in some cases of pernicious anemia.

This

fever is somewhat irregular in type(37).
Examination of the blood smears reveals the
presence of red corpuscles of all sizes and shapes,
and all the abnomalities of red corpuscles may be observed in pernicious anemia excepting achro:nia(.3).
Leukopenia may be present in pernicious anemia, the
white cell count varying from 4000 to 5000 with a relative lymphocytosis and absolute as well as a relative
decrease in the number of granulocytes.

Occasional

myelocytes and even more immature myeloid cells may
~

be observed in spite of a general "shift to the right"
with numerous multilobed polymorphonuclear neutrophils

(12,51).
It should be emphasized that each person suspected
of having the disease be subjected to a fractional
test mea1(52).

The absence of hydrochloric acid from

'

i

the gastric secretion is one of the predisposing factors and constant findings in pernicious anemia(53,54,
55,56,57).

Some have observed that in conjunction

with achlorhydria there is the presence of badly
infected teeth, pyorrhea, alveolaris and infected
tonsils, presumably the infection of these areas

,....._,

'

i~

i
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cause the atrophy of the peptic glands of the
stomach(57).

If the blood findings are negative

and hydrochloric acid is present in the gastric contents, pernicious anemia is not present(3,34); however, there are some cases reported in the literature
having free hydrochloric acid after histamine injection(l0,58).
The urinary findings are similar to patients who
have chronic nephritis.

Albumin is usually present in

small amounts and there may be a few hyaline and granular casts(20,59).

The specific gravity is usually

low and may be fixed.
~

A logical deduction is that the symptoms, signs
and findings of pernicious anemia are focused on the
digestive, neurological and vascular systems of the
human body.

PATHOLOGY
The most probable process of the disorder is the
for~ation of erythrocytes with a secondary increase
in their rate of destruction and the production by

~
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abnormal bone marrow cells which are rapidly destroyed
(60).

The question arises, does the pathological

formation of blood cause increased destruction or does
increased destruction of red blood cells release
some yet undetermined substance which causes an increased formation of red cells of such rapidity as
not to allow the normal bone marrow time to compensate
for the demand for new cells?

Before the pathological

process of blood formation is considered it may be
well to review briefly the normal formation of blood.
In the adult, red cells are formed only in the
bone marrow(61,62).

'-'-"

The most primitive cell being the

hemocytoblast which is called the stem ce11(62).

It

is a large cell of deeply basiophilic cytoplasm with
a large purple staining nucleus of rather indefinite
outline and containing nucleoli.

Maturation involves

changes in the nuclear pattern leading eventually to
shrinkage and fragmentation.

In the cytoplasm the

development of hemoglobin causes a change in the staining reaction from basophilic to eosinophilic.

Normally

these changes in nucleus and cytoplasn progress in a
parallel manner, but in pathological states the correlation is disturbed.
The pro-erythroblast develops

~

from the hemocyto-
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blasts.

In the early normaoblasts the nuclear pattern

is coarser and the nucleoli have disappeared but the
cytoplasm remains deeply basophilic.

The intermediate

normoblasts show progressive shrinkage of nucleus to a
cartwheel pattern(61), and the cytoP_lasm varies from moderate basophilia to purplish polychromatic staining.

The

l&te normoblast has a featureless nucleus and a cytoplasm
which becomes completely eosinophilic, finally the
nucleus is lost and the a-ythrocyte is developed(61).
These erythrocytoblasts never show any ameboid movernents(62).

The mature non-nucleated erythrocytes and

the three types of granular leukocytes as they occur
-~

in the circulating blood are found everywhere between
the other cells of the body, and the rnyeloid tissue
which produces them always cont&iYJ.s a ready supply of
them and in case of need large quantities of them can
be forwarded at once into the blood stream(62).

The

nor~al physiological process of blood formation results in an amazingly constant production of formed
elements in the circulation.

The numbers, the size,

the shape and the he~oglobin content of the circulating
red blood corpuscles in the normal individual show
practically no variation whatsoever(63).

Pernicious

anemia is a disease which affects all the blood forming elements and all the hone marrow, which cause the

'= _,
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units to become hypertrophic(6J,64,65,66,67).
Hypertrophy of the units is characterized by an increase
in the total mass of nucleated marrow cells, reduction
in fat quantities of the marrow, and an eventual depression of all fat cells(67).
A different set of cells appears in the marrow of
pernicious anemic patients- the megaloblast(61).
Reticulum cells (primitive mesenchyme) form the framework of the bone marrow and their morphology is
changed when disease affects the marrow.

Individual

reticulum becomes enlarged and the nucleus appears

.._,__,

hydropic.

The parachromatin within these cells is

prominent, with indistinct nucleoli and an inconspicuous nuclear membrane.
basophilic cytoplasm.

There is a non-homogenous
The entire cell has the appear-

ance of proliferation by a diseased germ cell.

These

totipotential cells undergo pathologic mitosis and
give rise to promegaloblasts which are very highly
diagnostic and if they are found it means only one
thing--Addison's pernicious anemia(66).

In health

reticulocytes entering the peripheral blood stream are
only required to replace the natural loss of "worn out"

f

mature erythrocytes; whereas, in a seve:ie case of per-

r
l

nicious anemia the reticulocytes should make up the

i

'

,

f

deficiency resulting from the increase rate of blood

'"-",_,.

~
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destruction due to excessive pathocytosis of abnormally formed elements and, in addition, should restore
the blood count to normal limits(6).

There seems to

be a definite tendency for the blood forming organs
to regress to a lower type during an attack of pernicious aneI:Iia relapse(68).

The myeloid hyperplasia

is most marked during relapse and the structure of the
bone tends to return to normal during remission, which
is characterized by the presence of few megaloblasts
and a great relative increase of normoblasts and
mature red blood cells in the bone marrow(65).
The e:11bryological development show a definite
''-"'-1

"balance" between two different types of formation of
red cells, and while the primitive 'negaloblastic
tissue atropies, the definitive normoblastic one developes to its natural leve1(69).

Interference with one

of these processes will necessarily result in some
correlated disturbance of the other; that is, persistence of so~e part of the ~egaloblastic ~echanism
would be associated with imperfect formation of the
normoblastic granulocytic one.

This view would ac-

count for the development of pernicious anemia in
predisposed persons only, but it would also illuminate
other aspects of the disease.

The bone marrow is much

;nore bulky in persons with pernicious anemia than in
~
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nor~al individuals(69) and the ~orphological composition of the blood is inferior to normal indicating
that the myeloid hyperplasia is defective in quality.
Hypertrophy is characterized by an increase in the red
marrow of the bones(70) and a reduction in quantity
and an eventual disappearance of all fat cells(65).
The bone marrow findings fluctuate during the
entire course of the disease(65) and pernicious anemia
has the characteristic course of having periods of
severe relapse during which the pathological findings
are obvious in the marrow, and there are also periods
of remission in which neither the peripheral blood nor
~

blood for~ing organs show any pathological physioloey.
These remissions may be spontaneous but eventually the
relapses will beco:rre increasingly severe so that the
disease becomes fatal unless treated adequately and
promptly.

During remissions the structure of the mar-

row tends to return to normal, and is characterized by
the presence of few megaloblasts and a relative increase
in nor!noblasts and mature red blood cells in the bone
marrow.

The ane~ia during relapse is explained as a

functional ineffectiveness of the bone marrow which
results from the failure of the megaloblast to develop
into mature erythrocytes.

~
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Simultaneously with the formation of blood there
is also destruction of blood.

Some authorities think

that the megaloblastic activity of the bone marrow is
caused by a toxin(38) and that the formation of inferior red cells leads to their more profound destruction
(71) by the normal phagocytic process in the spleen,
marrow and other tissues.

Hemosiderosis and excessive

bilirubin in the blood are indicative of hemolysis
(72).

Hemosiderosis is the deposition of hemosiderin.

Although of unknown chemical composition it is known
to contain a loosely bound iron radical usually in

......,

the ferric form(73) derived from the breakdown of red
blood cells.

The origin of bilirubin is hematoidin.

Hematoidin is the iron-free element which results
from the breakdo~m of red blood cells(74).

The exact

,

location of bilirubin formation was originally thought
to be hepatic(75,76); but, it has been found that
bilirubin is formed in the bone marrow and the spleen
and that the liver is the principal organ of excretion(77).
It is a very obvious characteristic of patients
with pernicious anemia to have a typical lemon-colored
skin.

Addison mentioned this when he first described

the disease.

Many cases of pernicious anemia have

been classified as.a hemolytic jaundice and vice versa.

._._,,
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It has Deen thought that in the liver-spleen
circulation the erythrocyte is disabled by coming in
contact with splenic pulp which renders the red cell,
in some way, more susceptible to hemolysis(78).

The

first step in henolysis is the liberation of hemoglobin from the
(79).

11

worn outn or damaged red blood cell

The Kupffer cells of the liver phagocytose the

red blood cells and take up the extruded hemoglobin
as well as do the other elements of the reticuloendothelial system(70), and the secreting cells of
the liver excrete the pigment that reaches them preformed.

'-"-'

When the over production of bile pigment

occurs and the liver is unable to excrete the extra
amount, the bilirubin in the blood arises above normal
li~its of less than .3mg/100cc and as soon as it rises
above this level the so called "jaundicen appears
giving a yellow hue-color to the skin(80).

Biliru-

binernia is the direct manifestation of abnormal and
greatly delayed synthesis which results in accumulation of bilirubin in the body.

It is excreted in

the bile but most of it is reabsorbed into the blood
stream from the intestinal tract(71).
Evans(17) began speculation on the affect of
cholesterol and the affect of the spleen on hemolytic

,_._,

manifestations.

At this time the influence of the
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spleen in the disease, or even in normal individuals,
was not known for sure and, in addition, the reason
for the increasea fragility of the red cells in the
splenic venous blood and for the decreased fragility
of the red cells after removal of the spleen were
unexplained, but were observed.

The fact that choles-

terol, an anti-hemolytic substance, is diminished in

pernicious anemia, and especially that the free cholesterol in the plas~a is diminished, makes it certain that
there is some disturbance in lipoid metabolism although the exact nature of it is still unknown(l7).
Addis(76) had reported earlier that the influence of

-._....,

the spleen had something to do with cholestrin metabolism and attributed the change to activity of the
peculiar endothelial phagocytic cells situated especially in the sinuses of the spleen, and to a less
extent in the capillaries of lymph glands and bone
marrow •
Krumbhaar(81) found by experimenting on dogs, that
removal of the spleen or diversion of the blood from
the liver is followed by a characteristic transient
anemia of moderate degree.

He indicated that the

normal spleen secreted into the blood something which
after passage through the liver exerted a stimulating
effect on the erythropoietic function of the bone

._.,_,.
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marrow.

It is difficult to see how removal of a

diseased spleen is followed by the opposite effect
on the blood picture; i.e., a return to a more normal
appearance.

It leads to the realization that the

spleen is a complex organ of several functions.

In

pernicious anemia not only is the hemolytic function
overshadowing, but it may well have some other influence in preventing the liver from exerting a "maturing" effect on the erythroblasts.

The principle

organ for red blood cell destruction may be the spleen,
but Kupffer cells of the liver and the lining cells
of the vascular channels of the ~one marrow all take

'-"-"

an active share(6).
Jormson(82) found in a series of experiments
that the erythrocytes of normal _nan are rendered more
susceptible to hypotonic hemolysis (in a standard
fragility test) by exposure to lipemic serum which
offers proof that fat ingestion is one factor in
normal daily dest~uction of red cells.

A high fat

diet in normal animals does not cause sufficient
increase in daily erythrocyte destruction to produce
anemia.

The normal bone marrow is capable of re-

placing extra losses of red blood cells.

There are

several mechanisms protecting against exposure of

~

11:

if

'I\
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erythrocytes to too high concentrations of injurious

,ji

t~:
i'
~.i

fatty acids and soaps.

I

These include absorption of

the products of digested fat into the lymphatics,

I

dilution of hemolysin in the thoracic duct, a slow

1i
11

emptying of chyle into the blood and mixing of hemolytic chyle with large volu.~es of blood in the subclavian vein and heart.
It has been found that in untreated anemia
lipemic seru.~ produced not only an increased red blood
cell fragility but also actual hemolysis, when lipemic
serum and red blood cells of the same individual were
mixed(82).

·~

A control was run and found that lipemic

serum of adequately treated pernicious anemic patients
and normal man produced only increased fragility but
no actual hemolysis of their own red blood cells.

On

exposure to lipemic serum of a nor:nal man, the erythrocytes of pernicious anemic patients were rendered more
susceptible to hypertonic hemolysis than were the red
cells in normal individuals and anemias other than
pernicious anemia and treated pernicious anemia.

No

definite conclusions can be drawn from this observation;
but, it cannot be discarded as irrelevant because it
certainly adds further proof·to the hypothesis of Evans
that pernicious anemia may be the result of some

.._._,

definite metabolic disturbance of cholesterol and that
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investigation along this line is far from being
co.>nplete.
Pernicious anemia causes a decreased functionalefficiency of the blood; consequently, every tissue
in the body suffers to a certain extent.
The retinal hemorrhages were explained to be
due to the increased permability of the blood vessels(46).
by

The visual disturbances could be explained

the great impairment of general nutrition.

The

macular portion of the retina is of recent develop~ent fro~ a standpoint of evolution, and develops
late in the individual eye, and for this reason it is
~

more liable to da11age because of improper nutrition(9).
Christian(59) mentions that the urinary pathology
of patients with pernicious anemia is similar to that
of advanced chronic nephritis, found only by renal
dietary tPsts, and that the Lnpaired re:nal fuI1ction
decreases as soon as the anemia is treated.
The involvement of the nervous s~Tstem is quite
extensive.

The sympto~s are cli2ically and patho-

logically the same as those found in posterolateral
sclerosis, and it is questionable that the anemia per se
causes the neurological lesions(59).

Usually, the

sy~nptoms are slight 1--iut persistent and quite symmetrical

-

,._,.
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in distribution.

It has been contended quite consist-

ently that the damage to the spinal cord was irreversible; but, Foster(83) found by clinical improvement and by autopsy of four cases that the peripheral
nerves had some tendency to regenerate.

Two of the

four cases had been treated occasionally with liver
therapy.
The neurological pathology can be divided into
four different types functionally, 1) cerebral which
includes psychosis with delusions and hallucinations,
2) olfactory with perversion or loss of

11

tasten for

certain foods, especially protein foods such as meat
~

and eggs which occurs independently of atrophic and
inflammatory changes of the lingual mucosa, 3) peripheral nerves and posterior columns of the spinal cord
which is acco~npanied by loss of vibratory sense, loss
of motion and position, and 4) lateral columns of the
spinal cord which is evidenced by spastic movements,
stiffness and cramping of muscles.

With adequate and

vigorous liver therapy the neurological manifestations
can be deminished to some extent over an extended
period of time(34).
The pathology of the gastro-intestinal tract in

~-

pernicious anemia is, as yet, unknown and there is
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considerable controversy as to whether the gastrointestinal symptoms are a result of or the cause of
the blood pathology •
Henry(48) records a case with reference to other
cases in which a gastric disorder was thought to be
the causative factor in pernicious anemia and he
noticed that atrophy of the mucosa of the stomach was
the only pathology found at autopsy.

Attention was

then focused to the role played by the stomach in
patients with pernicious anemia.

Hurst(19) disputes

the theory that achlorhydria is secondary to the
anemia believing that if it were secondary to the
~

gastritis produced by the sa~e toxin which caused the
ane~ia, cases would occur in which normal gastric secretion could be observed giving place to hypochlorhydria
and finally to complete achlorhydria as the disease
progresses.

This is a logical deduction and is an

observation which is definite because.there are no
cases of hypochlorhydria reported in the literature;·
however, this may be due to several conditions, 1)
cases are not considered pernicious anemia unless there
is a coraplete achlorhydria even though there may be
definite signs exclusive of the gastric findings, and
2) the diagnosis is made on a fully developed case of

._.._,,
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pernicicms ane.:nia after achlorhydria has developed
without any previous g&stric studies being done.

It

is unknown whether the achlorhydria develops slowly
and progressively or not.

When achlorhydria is found

it should be interrupted as the first sign of the
disease(21), but normal gastric acidity may be present
in pernicious anemia(34).

Bowen(84) believes that

achlorhydria definitely appears to develop secondarily
to the systemic disease.
It is interesting to review how the observations
of Castle(26,85,86) lead him to conclude that there

-~

was definitely an "intrinsic factor" which was responsible for the dificiency of pernicious anemia.

First,

he observed that the significant defect was an inability to carry out some essential step in the process of
digestion which V!as thouE.;ht to be inadequate gastric
digestion of proteins.

Then he found that the

normal individual can produce during the digestion
of beef muscle so~e substance which by transference to
the stomach of a pernicious anemic patient would alleviate the symptoms of the disease, from this it ·was
concluded that it would be reasonable to assume that
the administration of the substance which would relieve
the disease once developed would surely be able to
'twt-,'
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prevent the original development of the disease.
Then the theory was advanced that Addisonian pernicious anemia was a disease dependent for its production upon the plainly defective gastric juice of the
patient, which is incapable of elaborating the preventive substance formed by the action of normal gastric
juice on beef muscle.

Now for the first time, a rela-

tionship between the stolllach and the function of the
bone marrow of the human being was demonstrated quite
conclusively.

This intrinsic factor involved in the

pr,)duction of the he!!ia topoietic substance by interaction with beef J1uscle is thought to be secreted by
~

the mucosa of the normal human stomach.

It was found

that his intrinsic factor is not demonstrably present
in either normal human saliva or duodenal contents
free from secretions of the gastric mucosa.

This

serves as definite evidence that the gastric mucosa
appears to be the chief source of the intrinsic
factor.
Next to a defect of the original formative process
within the stomach the loss of absorptive power in the
intestinal tract either machanically or by bacterial
invasion, or the destruction in the b()wel of the
effective principle after formation would be the most

.__._,.
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obvious way in which a deficiency of the final effec-

i

tive substance could be brought about(26).

Ii;

Castle(86) further found that the administration
of either beef muscle or normal gastric juice independently to suitable patients with Addisonian pernicious anemia had no significant effect on blood formation, and on the contrary, it was observed if under
appropriate conditions an opportunity for contact
between these two substances ·was permitted, a remission was at once brought about as if liver had been
administered which, in brief, brings out the fact that
an absence of one or both of the factors of the spe-

.._....,,

cific reaction or an inability of the body to use the
product of their interaction might produce in different ways the same final defect.
Barnett(87) gives us several reas::ms why Cc.i.Stle' s
theories can not be completely accepted; first, they
fail to explain the spontaneous re1nissions so characteristic of the untreated disease during which, as far
as is known, there is no change in the character of
composition of the gastric juice; secondly, it is
known that complete gastric achylia may persist for
years in apparently healthy people without development
of evidence of pernicious anemia; finally, they do

__,_,,

:1
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not account for the occasional rarP. patients with
blood pictures identical with those of pernicLrns
anemia but whose gastric juice appears to be normal.
Sommers(lO) reports that

3%

of his patients have

been found to have free hydrochloric acid after histamine administration, so that the presence of free
hydrochloric acid in the gastric contents does not
necessarily disprove the presence of pernicious anemia.

Rundles(34) agrees with SO.'.'!mers(lO) on this point.

There is nothing remar~able in the fact that achylia
gastrica 1s not a constant finding in pernicious anemia(88), but Hurst(55) maintains that the absence of
· ~

hydrochloric aced from the gastric secretion is one
essential predisposing cause of pernicious anemia,
and that the cause of the achlorhydria is probably
constitutional achylia gastrica, an inborn error of
secretion which is familial •
It is known that gastric activity elaborates
the active principle, but whether failure of gastric
function in pernicious ane~ia is the cause of or the
result of the disease is not known.

Myers(27) found

that the patients who undergo extensive surgical operations on the stomach must be observed indefinitely
to anticipate or at least correct in its incipiency

.........,.

.
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the development of severe anemia and the accompanying
neurologic degeneration, because the functional integrity of the upper part of the intestine is too often
sufficiently changed to be inadequate under unexpected
stress.

Again there is some doubt as to whether or

not the exact cause of the stomach disorder can be
pointed out(89).
The lesion can hardly be a result of the anemia
8ecause achlorhydria has been observed to proceed the
anemia sometiilles for a period of years.
The abdominal distress which is so often the
chief complaint is caused by a significant prolonga·~

tion in gastric emptying time, and these abdominal
symptons disappear quickly and completely when the
gastric emptying ti::-:1e returns to normal with adequate
therapy, and the achlorhydria uer g

does not signif-

icantly affect the rcite of gastric ernptying(90).
Askey(91) believes that anacidity is constant in
Addisonian pernicious ane:J1ia, yet anacidity bears no
essential role in the pathogenesis of the disease.

The

essential disturbance is in the intrinsic-extrinsic
factor interaction.

The precise relationship of the

secretion of acid to the secretion of intrinsic factor
is unknown.

w._,

',.

No direct studies have been made to deter-
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mine whether or not the stomach is the sole source of
intrinsic seretion in the human body or not, no
direct studies have been made on the human intestine.
Jacobson(92) suggests that the argentaffin cells of
the stomach are possibly the ones which secrete the
anti-anemic enzyme.

They are located in the places

where the enzyme is secreted, and they are absent or
greatly reduced in number in cases of pernicious anemia.

Thereseems to be further evidence that the

stomach may be the sole source of the anti-anemic
factor because Bethel1(75) believes that the complete
removal of the sto:nach of any human being will ulti·.._,,,.,.1

mately be followed
anemia.

by

the development of pernicious

If the patient is followed over a period of

years and does not receive any anti-pernicious ane1nia
therapy he will develop the disease.

Jacobson(93)

further elucidates the source of the anti-pernicious
factor, the chemical nature of v1hich is as yet unestablished, as being in the argent&ffin cells in the
epithelium of the stomach and intestines.

These

cells are found in those parts of the mucuos membrane
which are therapeutically active &gainst pernicious
ane:nia, and their number is reduced in cases of pernicious anemia.

\w:4w1·

The argentaffin cells of the intes-
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tine may, if they are an additional source of the
anti-pernicious factor prove to be inadequate to
supply the necessary factor by themselves; consequently, it may be that when the stomach argentaffin
cells are destroyed the argentaffin cells in the intestine are also made inferior due to over strain in an
attempt to compensate for the loss of the stomach,
and this may serve to explain why the blood picture
of pernicious anemia does not develop immediately
following surgical removal of the stomach.
As was stated in the beginning of this discussion
on the gastro-intestinal pathology, it can clearly

,....,,,,_,

be seen at this ti"ne that as far as direct organic
pathology to the viscera of the gastro-intestinal tract
is concerned there is actually very little to be found;
but, there is actually some pathological physiological
process which takes place within the intestinal tract
which is as yet unidentified chemically.
Pathologically pernicious ane!n.ia is definitely
a blood disease with mbny variations found in the
blood and the bone marrow and a disease in which
there is an equal amount of associated pathology in
the nervous and digestive systems.

"--"
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TREATMENT
The treatment of _pern:.cious anemia has undergone
a variety of changes, and until the recent discovery
of liver therc.. py treatment was unsuccessful.

Today

the disease, like diabetes mellitus, is controlled by
treat~ent rather than cured.
Treatment has varied from the use of raw ox bone
marrow to the present day liver therapy.

In the middle

nineteenth centruy it was the usual procedure to attempt to cure the patients by the use of fresh ox bone
marrow, and cases were reported which were relieved.
Then it see,ned that arsenic was the real thing, which
~

gave way to iron again in offering cures to patients
suffering from pernicious anemia.

Even the intravenous

injection of ~ercurochro~e has been reported.

In

presetning the various :nethods of treatment, it is
the most interesting to discuss the treatment in a
brief form from nineteen hundred on to the present
day therapy.
Fraser(94) tried the method of giving the patient
ferric chloride and arsenic which failed to relieve
the patient of his symptoms, so he tried bone marrow
and the patient promptly i~proved.

From 1900 to 1926

therapy was an unsettled and disputed pro~lem.

\aw,._,

In 1926
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the pathological physiology was being intensely
studied by Castle, Minot and their coworkers, it then
became certain that a new phase was going to be introduced in the method of treating pernicious anemia.
Minot(95) studied 105 cases of pernicious anemia
which had been treated from three months to three
years with a diet rich in mammalian liver and found
that all patients were benefited by this therapy.
The improvement was unusually rapid and striking
with a marked and prompt increase in the red blood
cells, and the appetite improved in every case; but,
the achlorhydria persisted no matter how extensive the

.._,,,,,_,

therapy had been carried out.

Cohn(96) observed that

liver had within its substance an active principle
which accelerates one of the first stages in the formation of red blood corpuscles; namely, the division
rate of primitive cells and with modification of one
of the last stages.

The contention at this time was

that this active principle was a nitrogenous base
or polypeptide; however, no further studies were made
at the time on this substance and it was not proved or
contested.
Minot(95)and Castle(97) contend that the normal
gastric function can never be restored once achlor-

'--"
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hydria has been present for any period of tia:e.
Hurst(19) and Davidson(98) report that the restoration
of normal gastric secretion provided a real cure, in
the sense that no further precautions such as continued
use of liver, are required to prevent recurrence of
the anemia; however, Hurst and Davidson reported only
one case each, while Minot has studied cases numbering
well up in the hundreds.
The body's response to liver therapy consists of
the bone marrow being stimulated to supply large
numbers of immature but 1"1ore normal red blood cells
(reticulocytes) that have a long duration of life(61).

........,,

The production of the gro~sly abnormal cells ceases,
and with their disappearance from the blood stream
the excretion of urobilinogen falls off sharply.
Adult erythrocytes, more and more nearly normal in
appearance, with normal duration of life are supplied.
All signs of increased blood des t~uctiQ'l.. then disappear,
the red cell count and hemoglobin percentage rise to
normal, and the blood picture becomes essentially
normal.

We can conclude that the liver must supply

some hemopoietic stimulating substance which is absent
in patients with pernicious anemia.
substance the "intrinsic factor".

~..,

Castle calls this
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Carey(99) maintains that liver therapy seems to
obviously arrest the progression of the disease, and
as soon as liver is withdrawn the patient immediately
falls into relapse.

Some patients become sensative.

to liver injection therapy, which necessitiates a
change to either other brands, or oral ingestion of
fresh liver which is rather unpleasant and expensive
to the patient.

Delikat(lOO) thin~s that all liver

extracts have within their substance bodies which

.

are capable of producing an allergic reaction in
sensative individuals.

These reactions can be

classified into three different types according to
~

Myers(27); first, simple flushing and s~nse of heat;
second, itching and urticarial wheals anywhere, especially hands and feet; and finally, syncope.

It is

the contention that these reactions are usually
acquired only after long administration of liver
extracts; but, cases may be initial, and there is
so,ae danger that if the patient is senative to parenteral liver he may also beco:ne sensative to oral liver.
Liver extract is thirty ti.::nes as potent as fresh
liver(31), and when a reaction does occur it can be
contolled b-::~ prompt injections of adrenalin.
Recently there have been many different types of

.._,,,__,

.
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therapy advocated; however, liver extract therapy
is still the best and most widely used form of therapy.
In nineteen hundred forty-five many different theories
of therapy were reported in the literature.

During_

this year there was one case reported where injection
of

5%

solution of chlorine chloride, 20ml injected

intravenously brought a favorable response(lOl).
Spies(l02,103) observed that material termed the
"L.casis factor" was active in promoting growth and
hemoglobin formation in the chick, and in view of this
observation they began to try its effects on patients
with pernicious anemia and reported a favorable re-

.._,,,.,,,,

sponse to the administration of this "synthetic folic
acid".

"In every case the number of reticulocytes

increased in the peripheral blood, and the red blood
cell counts and. hemo;;lobin content rose towards normal
levels 11 (102).

Vilter(ll) observed the effects on five

more patients and reported that the clinical improvement was the most dra.:natic part of the observations.
These were the first cases of pernicious anemia that

were tried with folic acid, and as soon as these
appeared in the literature every one wa~ trying it.
Kaufmann and Schwager(l04) studied four cases who

were treated with folic acid.

.._.,_,

They do not feel this
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treatment to be more effective than liver therapy,
but do feel that there are so~e advantages; such as,
carrying on therapy and lessening the chances of complications and relapses and preventing negligence in
the following therapy.

Wilkinson and Israels(l05)

agree that folic acid is not the liver principle that
has been obtained in very concentrated form by other
means, but it can safely be substituted for liver
extracts at least in the early stages of the disease.
It is therefore natural to C'.Jnclude that even
with the extreme enthusiasm of the folic acid advocates,
their cures must be viewed with caution; consequently,

.,,_,,,_,

liver theraP:r is the best until t::ie nwnber of cases
of successful folic acid treatment is large enoilgh
to warrant a change in therapy.
In conclusion, it is apparent that the various
theories concerning different aspects of this disease
~ake it obvious that pernicious ane~ia is not a well
u.~derstooct disease and that further research and
experimentation is warranted.

~
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